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Beedenue. THMM4HbIM TIpHMepoM TIpolleccoB caMoopraHu3a- 
IMM B TpHOOCHCTeMax ABJIAeCTCA U30UPaTeJIbHbIN MepeHoc. B 
9TOM Cllyyae B OOacTH KOHTaKTa (OpMUpyroTcA CoOrIpsrato- 
ljWe MOBeEPXHOCTH CepBOBUTHONM MWJICHKH, 4TO MPHHIIMMWaIbHO 
MeHAeT YCJIOBHA TpeHuA MU W3HalIMBaHna. Ja OOpa30BaHHA 
W30uUpaTesIbHOrO TepeHoca B 30HE CONps2KeHHA KOHTaKTUpy- 
FOUMX TMOBepXHOCTeH HeOOXOAMMa HeKOTOPadA MOIINHOCTb 
HeoOpaTuMbIx peoOpa30BaHHi NOABOAMMOM IHEPruu, KOTO- 
pad 3aBHCHT OT yIpyro-qMCcuMaTHBHbIX CBOMCTB KOHTAKTH- 
PYFOWIMX MOBepxHoctTew. 

Mamepuaavi u memoooi. IIpuBoautca MaTeMaTHM4ecKasd MO- 
JleJIb TWHAaMWYeECKONM CHCTeEMBbI C YACTOM 3ZBOJIFOIIMOHHO H3Me- 
HAIOMeCHCA CepBOBUTHOU TeHKH. Ee dopMupoBaHue 3aBHCHT 
OT (ba30BOH TpaeKTOpHH MOMHOCTH HeoOpaTuMBIX Wpeodpa- 
30BaHHM B 30HE COMPAXKeCHHA MOBeEPXHOCTeH UM MpeCTaBsAeT- 
Cf B BUe WHTerpasbHOrO OlepaTopa BosstTeppbl BToporo 
poya. 

Pe3yibmamol ucciedoeanua. II[puBpoyqutTca aHasM3 pe3ysibTa- 
TOB HCCIeOBaHHA, B TOM 4UCIIe 3ABUCHMOCTH POpMUpoBaHHA 
C€pBOBNTHOM IMWJIeCHKM OT TWHAaMMYeCKHX MapaMeTpOB B3aHMO- 
JICUCTBYIOINMX MWoOscucTeM. BnepsBble paccMaTpuBaeTcs TIpo- 
OleMa MaTeMaTHYeCKOrO MOJeJIMPOBaHHA IBOJIIOIMMU CBOHMCTB 
y3u1a TpeHuA C OOpa3z0BaHHeM WJIM pa3spyliIeHHeM CepBOBHTHOUM 
TIICHKH. 

O6cyocdeHue u 3aKOUeHUe. B XOe IBOJIOWMOHHOrO TIpo- 


lecca OOpa30BaHHA CepBOBHTHOM IWJICHKH MeHAIOTCA Mapa- 
MeTPbI MHAaMNYeCKON CBA3H, POPMUpyeMOl B y3JIe TPeHHA. 
CrleqoBaTesIbBHO, MeHAIOTCA WM WMHAaMMYeCKHe CBOMCTBa CH- 
CTeMbI. BrepBble IpoaHaM3npoBaHa JMHaMUKa TpHuoocHCTe- 
MBI B lIpolecce OOpa30BaHHA H30UpaTeIbHOTO MepeHoca. 


KunouesBbie C10Ba: JMHaMW4ecKad CHCTeMa TpeHHA, H30upa- 
TCJIbHbIM MepeHOC, CeCpBOBUTHAaA TJICHKAa, IBOJIFOIMA. 


Oopazeu O1A YUmMUpoeanua: 3aKoBOpoTHHIH, B. JI. Bamanne 
JMHaMMYeCKHX CBOMCTB B3AaMMOJeMCTBYIOIMIMX TOCHCTeM Ha 
39BOJHOUNIO (OPMUPOBAHHA U30NpaTebHOrO MepeHoca B y3- 
max TpeHua/  B. JI. 3axopopotupm,  B. E. [BungzoKnana, 
II. C. Konogxuu // Bectruuk Jon. roc. TexH. yH-Ta. — 2019. 
— T. 19, Ne 2. — C. 104-112. https://doi.org/10.23947/1992- 


5980-2019-19-2-104-112 


Introduction. Selective transfer 1s a typical example of the 
self-organization processes in tribosystems. In this case, joint 
surfaces of the servovite film are formed in the contact area, 
which changes fundamentally the friction and wear conditions. 
To form selective transfer in the area of mating surfaces, some 
power of the irreversible transformations of the input energy is 
needed, which depends on the elastic-dissipative properties of 
the contact surfaces. 

Materials and Methods. The mathematical model of the dy- 
namic system considering the evolutionarily changing servo- 
vite film is given. Its formation depends on the phase path of 
the irreversible transformations power in the area of surface 
matching, and it is represented by the Volterra integral opera- 
tor of the second kind. 

Research Results. The outcome analysis including dependenc- 
es of the servovite film formation on the dynamic parameters 
of interacting subsystems is provided. The mathematical simu- 
lation of the evolution of the friction unit properties with the 
formation or destruction of the servovite film is first consid- 
ered. 

Discussion and Conclusions. During the evolutionary process 
of the servovite film formation, the dynamic coupling parame- 
ters generated in the friction unit, change. Consequently, the 
dynamic properties of the system also change. The tribosystem 
dynamics is first considered under the process of forming the 


selective transfer. 


Keywords: dynamic friction system, selective transfer, servo- 
vite film, evolution. 
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BBejenne. Ilocne onyOmuKopanua padot MU. [Ipuroxuna [1-3] u I’. Xakena [4, 5] MHorue Bonpocsi dyHKIIH- 
OHHpOBaHHA TEXHUYeECKUX CHCTeM, B3AaMMOJICHCTBYIOMIUX C pa3sJIM4HbIMH CpeyaMu, PaCCMaTPUBAaLOTCA C TOUKH 3PeCHHA 
ux camoopranu3amun [6-12]. Ec creqoBaTbh cuHepreTuyeckoOn NapawurmMe aHasi3a, TO Ip U3y4eHHU TaKHX CHCTeM 
mpex ye BCero CJIeyeT BbINOJIHUTh Ipolesypy paciuiMpeHuaA pasMepHOcTH mpocTpaHcTBa coctTosHuaA [7, 8]. ITO O3Ha- 
yaeT, YTO HEOOXOAMMO JONOJIHUTeEIbHO PaCCMOTPeTh MOJelIb CpebI B KOOPAMHAaTax COCTOAHMA CucTeMbI. Meer MecTo 
OOMeH CO cpexoH HHDOpMaliMeH, MaTepuasIOM, dHeprvei U Ip. 37ecb BO3MOXHbI KOFepeHTHbIle B3AaNMOAeHCTBUA pa3- 
NHYHOK Pu3n4eCKON MpupObl, TO eCTb ABJICHHA CMHepreTuKH. THMM4HbIM IIPHMepOM CaMOOpraHH3allMu ABIIACTCA 
addekT u30upaTesbHOrO TepeHoca, oTKpbITHIM VW. B. Kparenpckum u JI. H. DapkyHossrm B 1956 rogy [13]. Ugeu ca- 
MOOpraHui3allnu Opi CPOPMyJIMpOBAaHBI B 60-e rozbI XX Beka b. VU. Kocterkum [14] u pa3BuTsi B padoTax 10 CTpyK- 
TYpHOHM IpucnocaOsMBaeMocTu coBMecTHO c JI. UW. bepmiagcKum [15] u H. A. bymte [16]. B pane padoTt uccnenzyetca 
(DOpMUpOBaHHe CepBOBUTHOM TJICHKM B TPHOOCHCTeMe TIpH ee BbIXOe Ha pexuM U30UpaTeubHOrO MepeHoca [17-22]. 
Tloka3aHo, 4TO Aa POpMupoBaHHA U3OUNPaTeNbHOrO TepeHoca HeEOOXOMMBI OMpeyeseHHble TOHOOXUMUYeCKHe peak- 
IMM, a TakxKe HEKOTOPad TpaeKTOPHA MOLMHOCTH HeOOpaTUMBIX WpeoOpa30BaHui B OOACTH CONIpsKeHHA «CHCTemMa — 
cpeya» [17-24]. pu Bprxoge Ha pexuM “u30nNpaTesIbHOTO MepeHoca HadsHOAarOTCA aBTOKOeOaHHA. B HEKOTODPBIX CJLy- 
yaax (OPpMHpyIOTCA XaOTH4eCKHe TpUTATMBAIOWWe MHOKecTBa ed@OpMallMOHHbIX CMeIIeCHHH KOHTAKTUPYFOUIMXx 
map [17, 22-24]. 

Matepmasibi 4 MeTObI. Takum oO0pa30M, TIpW u3y4eHHU Mepexoya Ha pexUM U30uMpaTeIbHOrO MepeHoca 
HeOOxOJIMMO pacCMaTpHBaTb JMHAMUKy TPHOOCHCTeMBI B CJIMHCTBe TOJCHCTeM, B3aMMOJIeCHCTBYFOIIMX Yepe3 TpeHue, U 
MHaMHYeCcKOH CBA3H, POPMUPyemMol y3sI0OM TpeHusA. IlapaMetTpbI TakKOW WHHaMUYeCKON CBA3H U (OpMUpOBaHHe cep- 
BOBHTHOH MJICHKU 3ABUCAT OT TpaeKTOPHU MOIIHOCTH HeOOpaTUMBIX Mpeodpa30BaHHi 10 COBepIIeHHOH padote. B ctTa- 
Tbe pacCMaTpHBaeTCA MaTeMaTHYeCKOe MOJCIIMPOBAHHe TaKOM IBOJIKONMOHHOM CHCTeMbI UM aHalIM3upyeTca 3aBMcH- 
MOCTb 9BOJIFOUMM OT JMHAMMYeCKHX WapaMeTPOB B3aMMOJICMCTBYIOMIUX MOJCHCTeM. 

Pe3yJIbTaThI HcCJ1eOBaHHA 

MartrematTnueckoe MOseJMpoBaHHe cucTeMbI. I[pu MaremMaTH4ecKOM MOJeJIMpOBaHHH BOCIIOJIbSyeMCA paHee 
TIOJIYYCHHBIMH pe3ybTatTaMu. B [17, 23, 24-26] noKka3aHo, YTO OCHOBHBIe JMHAMM4eCKHe CBOMCTBa CHCTeMBbI TpeHHA 
MO2KHO PpacKpBbITb Ha OCHOBE CIE YFOWIMX JOMyMeHun: 

— 00pa3ell ABIACTCA AOCOIOTHO 2KECTKUM; 
— jedopMallun HHJeHTOpa paccMaTpUBAIOTCA B MJIOCKOCTH, HOPMA@JIbHOM K KOHTaKTHPytolllei MOBeEPXHOCTH UH Mpoxo- 
JAMIeH Uepe3 HalIpaBJIEHHe CKOPOCTH OTHOCHTEJIBHOFO CKOJIBKCHHA. 

IIpu wu3yseHun JHHAaMMKM MO%KHO OFpaHHyMTbcd WepBbIMH (OpMaMu KONeOaHuu. Tora MOjieJIb CHCTeMBI 

IIpeACTaBIAeTCA ypaBHeHHeM 


2 
d~ X aX 
pi eg ay = FG), (1) 
dt” dt 
m 0 Ay My) Choon 
rye m= ,h= CS — TIOJIOKUTEIbHO OlpeeeHHble, CHMMeTPU4HbIe MaTpUHIIbI 
0 m hyo hy 9 1.2 22 
MHeEpUMOHHBIX, CKOPOCTHBIX HM ypyrux Koxppuuventos; X ={X,,X>}/ — Bexrop AedopMalvoHHEIx cMemleHHit 


BepIMHbI MHAeHTOpa;, Fy (ft) = {fy (2), Fo» (t) — BeKTOP CHJI, JCMCTBYIOMIMX Ha BepIIMHy MHAeHTOpa (pu. 1). 
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Puc. 1. Cxema quHamMMdecKON CHCTeEMBI TpeHHA 


LES Gi 


OOdpa3err 
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byeM culeqOBaTb CHHepreTH4eCKON KOHICHUMM aHaliv3a, TO eCCTb MpeycTaBuM cusIbI Fy (t) B KOOpqMHaTax 


cocrosHua. Jd 9TOTO BBeJIeEM MOHATHe TPHOOCpeya — 9TO TpeTbe Te0, KOTOpOe opMupyeTcaA B MepexOTHOM 30HE 
M@K]Y KOHTAKTUPyIOWMMH WOBepxXHocTaMH. IIpu cOumKeHHH MeHAIOTCA YCJIOBHA UX B3AaMMOeHCTBHM, 4TO :u3n4e- 
CKH IIpOABJIAeCTCA B H3MCHCHHMU TaKHX MapaMeTpos, Kak (akTHYeCKad MIOMWATb KOHTAKTA, IPOM3BOACTBO Telia, KO9Q- 
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(DHILMeCHT TPeCHHA, YCIOBUA MOJICKYJIAPHOTO B3AaMMOeHCTBUA, Wpolecch: Auddy3uun u up. [27-30]. OnHako nepBuYHBI- 
MH TIpH4HHaMH BCeX W3MCHCHHH ABJIAIOTCA B3AMMOCHCTBHA, OOYCIIOBJICHHbIC MCXAHHKOM KOHTaKTa. B 9TOM cyryyae 3a 
cueT H3MeHeHHA (aKTUYeCKON NIOMWATN KOHTAKTa HeIMPOMOPUMOHAIbHO ObICTPO BO3PaCTAaFOT CHJIbI HOPMAJIbHOrO aB- 
JICHHA, KOTOPbIe MpenATCTBYHOT COUMKEHHIO MOBepxHocTeH. Moyenupopanue 3TuXx cu [23, 24] yqoOHO paccmatpu- 
BaTb B BUe CleLyrollen PyHKWMU COMMKeHHA 

Fi(X1) = Fo exp[-a(X| y =U, xy € (0, +00), (2) 


rye a — KooPMUUNeHT KPyTH3HbI HapacTaHuA CHJIbI KOHTAKTHOrO B3aMMOJCHCTBHA B cua ; U — BHelIHAA Cua. 


B Ha3BaHHBIX BbIIMe padOoTax 10Ka3aHO, 4YTO Ip POPpMUpPOBAHUU CepBOBUTHOH MICHKUH B PYHKIMU CONMKeHHA 
oOpa3yeTcA NOTeCHIMAaIbHbIM Oapbep, KOTOPHIN (akTHYeCKH OlIpeseAeT HECYILYHO CIOCOOHOCTbh CepBOBUTHON IJICHKH 
y3u1a TpeHua. DOpMupoBaHHe NOTeHIMaIbHOrO Oapbepa yOOHO IIpeCTaBUTb B BUe 


2 
DP, (X1) = D9 exp[-—0, (4) — X19) I, (3) 
rye Ol; — Hapametp, XapakTepu3yrolluii KPyTH3Hy NOTeHMasIbHOTO Oapbepa B fa? | ; X19 — Koopyunata MoTeH- 


WMaIbHOro Oapbepa; PY; 9 — SBOJIONMOHHEIM MapaMeTp B [xe]. TakuM 0Opa30M, dyHKIMA COMKCHUA CCTh CYMMa 


Fis (%) =G(%)+ (41) . Mogenmpys TanrentMalbyyt0 COCTaBIIAIONLy!O CHJIbI, IPHMeM BO BHMMaHHe, 4TO Ip 


(DOPMUPOBaHHH CepBOBUTHONM MJICHKH CHJIbI TPeHHA Ha MOpsATOK MeHbile. [looTomy 


KY F s(t),npu : X\(X 0; 
Fy yx (= - (4) 
kr Fy (t),npu : X1) X19, 


roe kM? yy) , 


Harmpumep, B CHcTeMe TpeHHA «CTaIb — TIMIepHH — JaTyHb» Nocie POPMUpOBaHuA CepBOBUTHON MWIeCHKU 
KOIPMUMMeEHT TPeHUA YMeHbIaeTcaA Oosee 4eM Ha NOpsAOK. PaHee 10Ka3aHO, 4YTO CHJIbI KOHTAKTHOrO B3aMMOJeHCTBHA 
XapaKTepH3YIOTCA 3alla3{bIBAHHeM TaHreHUMasIbHOM COCTaBIIAIOMeM CHJIbI (CHIBI TDeHHA) MO OTHOMICHHIO K CHJIaM 
HOPpMA@JIbHOrO JaBIeHHuA. B 9TOM Clrydae BMeCTO (4) HMeeT MECTO COOTHOIIeHHe 


KOR y (¢ = TY ), npu : X (X10; 


ke Fis @-T ), npu :X1) X10, 
rye TY - T) — IIOCTOAHHbIC BPCMCHH 3alla3 7 bIBAaHWA, 3aBUCANIMC OT CBOHCTB TpHOocperBI, cdopMupoBaHHoi B 


KOHTaKTHOU ooacTu, YW CKOPOCTH OTHOCHTCJIBHOTO CKOJIBKCHHMA. 


B (5) Bcerga BbITOuHAeTCA ycnoBHe 7 Ov . Kpome toro, 7 Oy 7?) YMeCHbIUAaOTCA TPH BO3spacTaHHu 


CKOPOCTH OTHOCHTEJIBHOLO CKOJIb*KCHHA. 
B flasibHenilieM IIpHHATAa ruMOTe3a, COrMAaCHO KOTOPOHM MOTeCHUMAaIbHbIN Oapbep PopMuUpyetcs B 3ABMCHMOCTH 
OT TpaeKTOpUH paOoTH! MU MOMIHOCTH HeoOpaTUMBIX MpeoOpa30BaHHi Mp JBMYXKeCHHU MHJeCHTOpa OTHOCHTeJIbHO OOpa3- 


Ifa B HalIpaBJICHHW CKOPOCTH OTHOCHTCJIBHOTO CKOJIBDKCHHA. IIpuuem, Ha D, Q BJIMACT He TOJIBKO TCKYyINCe, HO MH Iipe- 


INCCTBYFOUMe 3HAYCHNA MOULHOCTH. Ilostomy CHipaBe JIMBO 


t 
9 (N) =P] we-E)NGaE (6) 
0 
1 
rye N= f,(V +dX,/dt) — MomHocTb HeoOpaTHMBIXx Mpeodpa3oBaHHH; w(t —S) = {B a oad — sJIpo MHTe- 
TpasIbHOro OMepaTopa, YANTHIBaFOlIee BIIMAHHE MpeWecTBYIOWMX 3HaYeHHH MOWHOcTH; 7 — apaMeTp B [c| , Xa- 
pakTepH3yIOMMH COxpaHsarolleecd BO BPCMeCHH BJIMAHHe MOII[HOCTH Ha MOTeHIIMaIbHbIM Oapbep; B — MapamMeTp B 


pe]: 


JIHOIMM €€ CBOMCTB Tp OOpa30BaHHU CepBOBUTHOH IJICHKH. 


YpasuHenua (1)—(6) xapakTepu3ylOT MaTeMaTH4eCKy!O MOJesIb JMHAMUYeECKON CHCTeMBbI TDCHHA C YUCTOM 3BO- 


M3smMenenne (HHAMM4UeCKHX CBOMCTB B 3A€BHCHMOCTH OT NapaMeTPOB NOTeHIMaIbHOrO Oapbepa UH AMHAa- 
MH4eCKHX CBOMCTB HHAeHTOpa. BHayasle paccMOTpUM CBOMCTBa 3AMOPO2KCHHOM CHCTeMBI B MpeAMONO%*KeHHU, 4TO 


. ] 2 
llapaMeTpbI CCpBOBUTHON IMJICHKU ABJIAFOTCA 3Aa@HHbIMM HM HeH3MCHHbIMH. Tlou0%xKUM Takxe, YTO 7 O=9 y TO =0, 
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PaccMOTpuM IIPHMep U3MeHeHHA CBOMCTB CHCTeCMbI B 3aBHCHMOCTH OT CTaqHM 9SBOJOIMOHHOrO mpeodpa30Ba- 
HHA (puc. 2). 
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Puc. 2. IIpeoOpa30BaHne npoekuMi (az0BbIxX TpaeKTOpHH Ha WIOcKOocTuH X, — dX,/dt 


Ha HayabHOW cTaqMu mpeoOpa30BaHui (4acTb puic. 2, NOMeyeHHad Undpow 1) B cucteme dopmupyetca 
€MHCTBCHHad TOUKA PABHOBECHA, KOTOPOM COOTBETCTBYeT TpeHHe C TpasMUMOHHbIM KOIPPUUMeHTOM B Hpeyemax 0,2— 
0,3. IIpuuem 9Ta TOuKa OOaqaeT CBOMCTBOM rO0aIbHOrO MpHTs2KeHHA. 3aTeM (4acTb puc. 2, WOMeyeHHad Wudpori 2) 
pH PopMupoBaHHA CepBOBUTHONM IWICHKH Ha HavaIbHOM CTaquu OOpa3yroTcaA Be TOUKM paBHoBecnsA (X),;, X12). OO- 
WacTh IpHTs9KeHuA TOUKH X), OrpanWyeHa ceyo0Opa3sHon cellapaTpucon. Bcax octambHad OOacTb XapaKTepH3yeTca 
IIPHTs9KeHHeM K TOUKe Xj). BaxkHO MOAYePKHYTb, 4YTO B TOUKeE paBHOBecuA X). yKe C/PopMupoBaHa CepBOBUTHAA 


IWIeHKa, HO ee BeJIM4MHA U CBOMCTBa (OlpeyematoTca YP, 9 ) He MO3BONAIOT OOECHEUMTh IPHTAKEHHE TpacKTOpH BCero 


(ba30Boro NpoctpauctTBa. IlosTOMy B 3€BHCMMOCTH OT Ha4dasIbHbIX YCIOBHH WIM BO3MYIeHui (HalpuMmep, PsryKTyalni 
WIM (OPMUPYeMBIX IIPHTATHBAFOWIMX MHOKECTB TePOpMallMOHHbIX CMeIICHUM B BAaPMallM4AX OTHOCHTeIbHO TOUKH paB- 
HOBeECHA) BO3MO2XKHO (POPMUPOBAaHHe CBOMCTB y3J1a TPCHUA, KOTOPbIe MPUHUMNNAIbHO OTIMYALOTCA pyr OT Apyra. B 
asibHenilieM (4acTb puc. 2, MOMedeHHad WUpou 3) oOacTb, orpaHu4ueHHad CetIOOOpa3HOn CellapaTpucon, yMeHbIIIa- 
eTCa HW ucue3aeT (YacTb puc. 2, WoMeyeHHad Wudpon 4). B nocreaqHem cJIyyae TOIIMHa CepBOBUTHOM MJICHKH HU ee He- 
cyllad clocoOHOocTb Bo3pactatoT. B MojeuIM 9TO NOKa3aHO Kak YBeJIM4eHNe MOTCHUMasIbHOrO Oapbepa, U BTOpad TOUKA 
paBHOBecua MmpuoOpetaeT cBOMcTBa ro0aIbHOrO NpuTsKeHUA. B TOM Ciy4ae B CHCTeMe (OpMUpyeTcaA CTAOMIbHbIM 
w30upaTesIbHbI MepeHoc. 

VUsirocTpauuu XapakTepH3yloT JMHaMUKy CHCTeMbI B MpeAMONOKeHUH, YTO CBOMCTBa CepBOBUTHON IMJICHKH 
ABJIAFOTCA 3AMOPO2XKCHHBIMH, TO CCTb He IBOJFOIMOHMPY!OT. OTHaKO UH B ITOM Cilyyae OOMACTH NpUTAKeCHHA TOUeK paB- 
HOBeCHA, COOTBETCTBYIOINUX TPeHHIO C CEPBOBUTHOM MJICHKOM U Oe3 Hee, MPHHIMMMAaIbHO 3aBUCAT OT JMHAaMW4eCKHX 


TlapaMeTpOB HHJeHTOpa, Mpexk ye BCero OT MATPHI ero 2#KecTKOCTH c HW AMccunanun fh (1). B peanbHbrx ycoOBHAX HMe- 


CT MCCTO SBOJIFOUWA CHCTCMBbI BO BPCMCHMH. Oua 3aBHCHT OT CKOPOCTH OTHOCHTCJIBHOTO CKOJIBKCHYA Vo , CHJIbI U ,» UC- 
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XOJHOTO COCTOAHHA MOBEPXHOCTH KOHTAKTMPYIOIWIMX Te U mp. Ha sBoOIMIO, MOAeCIIMpyeMy!O HHTerpasIbHbIM Orlepa- 
TOpoM (6), BIMAKOT MHOrHe :bu3su4ecKkHe (MaKTOPbI, MHTCrpasIbHbIN YYeT KOTOPHIX OMpeesAeTCA APOM OlepaTopa. 
IlosTOMy Tp BapbupoBaHHU BHeIIHHX yCNOBHK (HalpuMep, CKOPOCTH OTHOCHTeIBHOTO CKOJIbxKCHUA) HEOOXOTMMO 
YUUTHIBATb BIIMAHHE CKOPOCTH Ha NWapaMeTpbl HHTerpasIbHOrO OlepaTopa, a TakxKe Ha TPacKTOPHIO MOLIHOCTU Heoopa- 
THMBIX lIpeoOpa30BaHHi. QKCIHePHMeHTAaIbHO MOKa3aHO, 4TO IPH yBesMYeHHUM CKOpocTH Mapametp 7;,i=1,2 B (6) 
yMeHblillaeTca. KpoMe Toro, CHJIbI TPeHuA (a CIIeEOBATeIbHO, UM TpaeKTOPHA MOIIHOCTH HeoOpaTHMBIX Mpeodpa3z0Ba- 
HUM) 3ABUCAT OT CKOPOCTH OTHOCHTECJIBHOIO CKOJIbXKCHHA. 3AMCTUM, UTO MMCHHO BPeMA, HEOOXOAUMOE JIA YCTAHOBJIe- 
HUA CTallMOHapHOM CepBOBHTHONM MWICHKU, ONpewesAeT OTMH 3 NOKa3zaTeleH, NO3BOIAIOMIMX UACHTUMUMMpOBATh a- 
PaMeTPHI Apa MHTerpasbHOrO OTepaTopa. 

He octTaHaBIMBasch Ha jJieTaiax, IIpuBeyleM IIpHMep W3MeHeHHA (a30BbIX TpaeKTOpHi edopMallMOHHBIXx 


CMeIIeCHHH B HalipaBieHHu X, pH BapbupoBaHHH AMHAaMM4eCKHX NapaMeTpoB MHeCHTOpa HM CBOMCTB TpHOocperbI 


(puc. 3). 
dX,/dt, MM/ceK 





0 0,10 0,20 0,30 0,40 X1, MKM 
a) 
dX\/dt, MM/ceK 
60 
40 
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0 0,05 0,1 0,15 0,2 0,25 Xi, MKM 


aX,/dt, MM/ceK 
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adX\{/dt, MM/ceK 


150 
100 





—0,1 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 1, MKM 


Puc. 3. IIpeoOpa30BaHne TpoekuMi (ba30BbIX TpaeKTOPHH Ha WIOCKOCTb X, — dX)/dt 
B 3ABHCHMOCTH OT TapaMeTPOB CHCTeMBI HM YCOBMM TpeHHA 
IIpexye Bcero, paccMOTpHM TpeHHe C OCTAaTOUHO OONbINIOM CKOPOCTbIO OTHOCHTeJIBHOTO CKOJIbXKCHHA 


Vo =2,0 u/c. B 9ToM cityyae Ip POpMHPOBaHHN CepBOBUTHOM MJICHKH YMCHbUAaeTCA MOLIHOCTb HeOOpaTHMBIX lpe- 


oOpa30BaHHi UM pa3pyllieHve He HaOsHOaeTCA, TaK KaK CKOPOCTb OTHOCHTECJIbHOrO CKOJIbXKCHHA TOCTATOYHO BbICOKAa 
(puc. 3, a). Ha HauasbHOM 9Talie pW pa3JIM4HbIX YCJIOBHAX TpaeKTOPHH aCHMIITOTHYeCCKH MPUTATMBAaFOTCA K TOUKe 
paBHoBecna 6e3 CepBOBHTHON MIeHKU (TOUKa A Ha puc. 3, a). Ilocne ycraHoBJIeHuA NOTeEHUMasIbHOrO Oapbepa BCce Tpa- 
CKTOPHM IBOJIOLNMOHUPyIOT K TOUKe paBHoBecua A“) Ha cepBoBHTHO! Henke. Ha puc. 3, 6, 6 4 2 IpHBeseHBI 9BOsIO- 
I[MOHHbIe KPHBbIe C OHM HadvaJIbHbIM 3HadYeHHeM, COOTBETCTBYIOWMIUM ToUKe B. IIpu stom AedopMallMOHHble CMellle- 
HHA UW COOTBETCTBYIOIIMe MUM CBOMCTBa CHCTeEMbI TPCHHA CTATMBAIOTCA K OAHOM 3 ABYX TOUCK paBHOBecHA. OHaKo 
IBOJIFOINMOHHbIC KPUBbIC OTIMYAIOTCA B 3ABHCHMOCTH OT CBOMCTB TpHOOcpebI UH WOOPOTHOCTH KOMeOaTeJIbHbIX KOHTY- 
POB MOJCHCTeMbI HHAeHTOpa Oe3 TpeHua. Ha puc. 3, 6 IpHBeseH MpHMep SBOJFONMOHHON TpaeKTOpUH MPH yCUOBHAX a, 


HO IIpH CKOPOCTH OTHOCHTeJIBHOFO CKO KeHHA Vy =1,0 u/c. B 9TOM ciy4ae MOLMIHOCTH, BBIZeAeCMOM B 30HE TpeHHaA, 


HeJOCTATOYHO JIA MOA WepxKaHHA CepBOBUTHON MJICHKH, HU B CHCTeMe MepHOAMYeCKH HadONaeTCA TpeHuve C CepBOBHT- 
HOH WJIeHKOH U Oe3 Hee. B TedopMalMOHHbIX CMCIICHHAX ITO BbI3bIBAeCT 9(PPeKT HU3KOUACTOTHBIX KOeOaHHu. Xapak- 
TepHO, 4YTO BpeMeHa POPMUPOBAaHHA U pa3pyllIeHHA CepBOBUTHOM IJICHKH CyI[eCTBeHHO OTIMYarIOTCA. Ha puc. 3 93TO 
oTOOpaxkaeTCA 3HAYHTEIbHBIM YMCHBILCHHeM CKOPOCTH BO3BpalleHHA BeEpLIMHbI HHAeHTOpa H3 TouKH A“ B TouKy A. 

JloOpoTHOCTb MOJCHCTeMbI HHJCHTOpa MOXKHO yBesM4NnTh (puc. 3, 6). B sTOM ciry4ae B CHCTeMe OOpa3yIOTCA 
CIOKHbIC KOIeOaTeIbHbIe CMeleHuA. HekoTopbie UX COCTAaBJIAIOMIMe XapAaKTePpH3YIOT HU3KOYACTOTHBIN MaTepHasIbHbIi 
OOMeH Mex Ty CMa3KOH HW MOBeEPXHOCTbIO TPeHHA, a TaKxKe KOJICOATeIbHbIC CMCIICHHA Ha YaCTOTAX OCIIMJWIATOPOB HH- 
neHTopa. B HarmpaBsieHHv, OPTOrOHaIbHOM K CKOPOCTH OTHOCHTECJIbHOrO CKOJIbKeHUA, C(OPMUPyIOTCA WMKIM4eCKHe 
cuubl. Bnarofapsa TOMY, a TakxKe 3a CUCT WHHAMHYECKOLO B3AMMOJICHCTBUA BO3MOX%KHO KpaTKOBpeMeHHOe OOpa30BaHne 
CHI, IpeBbIMarloOllUx BeIM4MHY MOTeHIMasIbHOrO Oapbepa. Cutyallua elle Oosee yCUOXKHAeCTCA, CCIM JOMOUHUTCJIbBHO 
yuecTb 3ana3bIBahve BapvallMi TAHTeHIMAJIbHbIX COCTABJIAIOUIUX CHJI 10 OTHOIMICHHIO K HOPMAaJIbHBIM UX COCTABIIA- 
}OWMM (puc. 3, 2). B 3aBHCHMOCTH OT 3aa3qbIBAHHA (OPMUPYIOTCA pa3sIM4Hble NPUTAMBAaIOlMe MHOXeCTBa edop- 
Mal[MOHHBIX CMeIIeCHHH, a CIC OBaTeJIbHO, HW CHJIbI KOHTAKTHOTO B3aMMOCHCTBHA. 3aMedeHO HU POPMUPOBAaHHe B CH- 
CTeMe XaOTHYeCKOM JMHAMUKH, BHOCAIIeH OOJIbIIYIO HEOMpeyeJICHHOCTb B 3AKOHOMEePHOCTH OOpa30BaHHA CepBOBHT- 
HOM MJICHKH. 

Odcy2xXTeHHe pesybTaTOB. M3BecTHO, 4TO BbIXOJ, TDHOOCHCTeMbI Ha pexKUM U30NpaTeIbHOrO MepeHoca 
ollpeyesaeTCA TODHOOXMMNYeCKMMH peakIIMAMUH UW MaTepHasIbHbIM OOMCHOM Mex LY KOHTAKTHPYIOIIMMU MOBepxXHOCTsA- 
MH MW CMa3KOH. JIA BbIXOa TDHOOCHCTeMBI Ha pexKUM U30UpaTeIbHOTO TepeHoca c OOpa30BaHHeM CepBOBUTHOH IJIeH- 
KM VM ee NOWepxKaHHA B IIpolecce TpeHHuA HeOOxOAMMa HEKOTOPad MOLMIHOCTb HeOOpaTUMBIX peodpa30BaHuit TOBO- 
JMMOU 9HeEpruu MexaHHyecKou cucTemp! [17, 21-24]. B xoye sBomolMH DWHHAaMMYeCKON CHCTeMbI TpeHHA Hecymlasr 


cllocoOHocTb (OpMUpyeMOu CepBOBUTHONM MICHKH MeHACTCA, YTO MOTeUpyercaA BEMMAMHOK MOTeCHIMaIbHOrO Oapbepa 


P, 9 , UpelATCTByIOW[ero HelOcpeACTBeHHOMY KOHTaKTYy NOBepxHocTeit TpeHua. Ec cuJIbl KOHTAKTHOFO B3aHMoOseH- 
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CTBHA B HallpaBJICHHH, HOPMaJIbHOM K STO NOBepXHOCTH, peBbIwaroTr PM, 9, TO HaOOWaeTCA WHHaMuMyecKas Mepe- 


CTpolika CHCTeMbI TPeHHA C YaCTHYHbIM pa3spylIeHHeM CepBOBUTHON WeHKH. IlostoMy ycuOBUA TpeHHA B PexKUME 13- 
OupaTesIbHOrO MepeHoOca 3aBHCAT He TOJIbKO OT TDHOOXHMNYECKHX peakIM HW MOLIHOCTH HeOOpaTuMBIX Wpecdpa30Ba- 
HH, HO M OT ZHHAMM4eCKOTO pexkuMa. 37ecb NPHHUMMNabHoOe 3Ha4eHHe MMCIOT YCTOMYMBOCTbh TOUKM paBHOBeCHA HU 
(DOpMUpyeMBIe B Ce OKPECTHOCTH pa3IH4Hble IPUTATHBAarOlMe MHOXKeCcTBA JeMOpMalMOHHBIX CMeIIeHHH (mpeeIbHbIe 
I[MKJIbl, HHBAPWAHTHbIe TOPbl, XAOTHUeCKHe aTTpaKTOpbI). KpoMe Toro, TJHHAaMHYeCKYIO CHCTEMY BO3MYIlaroOT, Halipu- 
Mep, OHeHMA IPH BpalljleHuu 3aroTOBKH. K ToMy xe 3a CUeT IIPHHI[MMMasIbHOrO M3MCHEHHA YCIOBHU TpeHuaA IIpu Herlo- 
CpeJICTBeEHHOM KOHTAKTEe HM [Ip KOHTaKTe Yepe3 CePBOBUTHY!O IJICHKY MCHACTCA MOIIHOCTb HeOOpaTHMBIX Tpeocdpa30- 
BaHHi B COMpPs2KeCHUM MOBEPXHOCTeH, UTO H3MCHACT IBOJIOIMEIO HM YCIIOBHA NOAWepxKaHuaA CCPOPMUPOBAHHOM CepBOBUT- 
HOM MWJICHKH. 

3akro4eHne. Mtak, MO%KHO CieuaTb Cieyrollee 3aKIKOUeHHe: Ha CTAOMJIbHOCTb M30NpaTebHOrO MepeHoca 
BJIMAKOT KaK J[MHAaMMYeCKHe MapaMeTpbI B3aMMOJICHCTBYIOINUX Yepe3 y3eJ1 TDeHUA MOACHCTeM, TaK HM BO3MYIIeHHA, BCe- 
ra MMerollHe MecTO B peasIbHOu MaimMHe. Ilostomy mpu u3y4eHHu M30uNpaTebHOrO TepeHoca Cc WesIbIO OOecMe4eHHA 
Oe3H3HOCHOCTH y31a TPeHHA HEOOXOAHMO JOCTHYb HACHTHYHOCTH JMHAaMMYeCKHX CHCTeM Ha MalliIMHe TpeHuA HU B pe- 
aJIbHOM Maine. Jit STOrO MOXKHO BOCIIOJIb3OBaTbCA H3BECTHBIMH TIpwemMamu [27, 31]. 

IIpupeyeHHbie JaHHbIe MOKa3bIBalOT, UTO Ha (POPMHPOBaHHe CepBOBUTHOM WICHKH B y3JIe TDHOOKOHTaKTa 
BJIMAFOT HE TOJIbKO TPHOOXHMMYeCKHe XapaKTepUCTHKH KOHTAKTUPYFOIWIMX MOBepXHOCTeH, HO MH MapaMeTpbI B3aHMO- 
TeHCTBYIOMUX Yepe3 TpuOOCpeyy MOACHCTeM CO CTOPOHbI HHJeHTOpa u OOpa3iia. TlostToMy B KaxKOM KOHKpeTHOM 
ciydae CyleCTByeT OrpaHH4eHHad OOacTbh NWapaMeTpuyecKOrO MpoOcTpaHcTBa JMHAMM4eCCKHX CHCTeM, a TakK2Ke BO3- 
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